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seizures.
Introduction
Although cocaine and synthetic local anesthetics block the Na + channel, thereby inhibiting nerve conductance, they produce seizures in their toxic doses. These compounds bind with high affinity to open state of Na + channel, thus represent the property of frequency-dependent inhibition of the channel. This property of the action may result in selective depression of GABAergic neurons, thereby allowing exciting neuronal activity to lead convulsions (Dohi et al., 2002) . It is known that repeated administration of subconvulsive dose of cocaine to rodent easily sensitizes seizure activity of cocaine, called as 'cocaine kindling' (Post and Weiss, 1988) . Repeated administration of subconvulsive dose of lidocaine also increased the susceptibility to lidocaine-induced seizures (Post and Weiss, 1988, Doriss and Lotzf, 1992) . However, the time course of the development of lidocaine kindling which requires daily injection for several weeks is much slower than cocaine-kindling which develops during several days. In addition, the difference between genetic factors of mouse strain in susceptibility of the development of lidocaine kindling did not parallel those for cocaine kindling (Marley et al., 1991) . Therefore, although the blockade of Na + channel appear to be responsible in part for the seizure kindling properties, the additional actions of cocaine appear to be involved in cocaine kindling.
There is convincing evidence suggesting that cocaine inhibits the monoamine uptake systems to exert psychostimulant action, while synthetic local anesthetics have been believed to devoid of this effect. However, some synthetic local anesthetics including procaine and meprylcaine, inhibit monoamine transporter (MAT) with less potent than cocaine, while lidocaine lacks the effect on MAT (Woodward et al.,1995; Sato et a., 2000; Joyce et al., 2001 ). Repeated intermittent administration for 5 days of cocaine, procaine and meprylcaine induced sensitization their convulsive activity dependently on their MAT inhibition potency and cross sensitization to lidocaine convulsions, whereas repeated treatment of lidocaine for this period did not produce any sensitization (Shimosato et al., 1996; Sato et al., 2000; Arai et al., 2003) . Thus, MAT is suggested to do important role on seizure progression. In fact, after chronic administration of desipramine or maprotiline, inhibitors of norepinephrine transporter (NET), convulsive activity of lidocaine was markedly increased, while chronic administration of inhibitors for serotonin transporter or dopamine transporter had minor effect on the convulsive activity of lidocaine (Arai et al., 2003) .
It has been reported that norepinephrine might act as an endogenous modulator of convulsive seizures . Recent studies using genetically engineered mice suggest an anticonvulsive role of endogenous norepinephrine against various seizure-inducing stimuli. For instances, depletion of NE due to the genetic deletion of dopamine β-hydroxylase (Dbh-/-) showed an increased susceptibility to seizure-inducing stimuli, such as pentylenetetrazol (PTZ) (Szot et al. 1999) ,
while an increase in synaptic norepinephrine level by genetic deletion of NET decreased vulnerability to seizures induced by PTZ and cocaine (Kaminski et al. 2005) . However, local anesthetics-induced convulsions have different feature against pharmacological manipulation of monoaminergic neuronal activity (Dohi et al.,2005) . For instances, the treatments which decreased norepinephrine content in brain decreased susceptibility of lidocaine-induced seizures, while these enhanced susceptibility of PTZ-induced seizures (Yoshimura et al. 1991) . Acute and chronic treatment NET inhibitor antidepressants have both pro-and anti-convulsant 
Discussion
It is thought that adaptive changes that follow chronic reutake blockade of monoamines by antidepressant drugs are responsible for their clinical efficacy. Down-regulation of MAT is thought as one such molecular change.
Chronic treatment with desipramine has been reported to decrease density of binding site for nisoxetine, a high affinity ligand for NET (Bauer and Tejani-Butt, 1992; Benmansour et al., 2004) or norepinephrine uptake (Benmansour et al., 2004) , although some reports suggested the increase or no change in NET density by chronic desipramine treatment (Biegon 1986; Shores et al, 1994; Racagni et al., 1983; Cheetham et al., 1996) . These differences may arise from various experimental conditions including doses, period during or after withdrawal of desipramine.
The present study showed that Whether chronic inhibition of Na + channel may produce plastic changes in NET function by affecting ionic circumstance or altered expression of NET by altering release of neurotophic factors such as NGF are remained to be elucidated.
Although activation of the brain dopaminergic system is thought to be the primary mechanism by which cocaine exerts its reinforcing and behaviorally activating effects, the role of noradrenergic system has began to be appreciated in relation of the alterations of NET by chronic cocaine-intake with behavioral changes. Recent studies have shown that cocaine self-administration in monkey up-regulated nisoxetine binding site in the bed nucleus of the stria terminals (Macey et al., 2003) , the A1 noradrenergic cell group, the forebrain projections of both the ventral and dorsal noradrenergic bundles (Thomas et al., 2005) , and in the insular cortex from brains of cocaine addicts (Mash et al., 2005) , although previous studies reported unresponsive to cocaine exposure in rodent (Bemansour et al., 1992; Belej et al., 1996) . In the present study, 
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